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PREFACE

Endocrine disruptors (EDs) are natural and man-made substances in the environment that
interfere with the normal function of hormones in the endocrine system. Public health
concerns have resulted largely from studies indicating that animal populations exposed to
high levels of these substances have an increased incidence of reproductive and
developmental abnormalities (EPA 1997: NAS 1999). In response to growing concerns about
possible adverse health effects in humans exposed to such substances, the U.S. Congress
enacted relevant provisions to safeguard public health in the Food Quality Protection Act
(FQPA) of 1996 (Public Law [P.L.] 104-170) and the 1996 Amendments to the Safe
Drinking Water Act (SDWA) (P.L. 104-182). These laws require the U.S. Environmental
Protection Agency (EPA) to develop and validate a screening and testing program to identify
substances with endocrine disrupting activity. The EPA subsequently proposed an Endocrine
Disruptor Screening Program (EDSP) (EPA 1998) and initiated efforts to standardize and
validate test methods for inclusion in the EDSP. Validation is necessary to assess the
usefulness and limitations of a test method for a specific proposed purpose, and to
characterize the extent that test methods are sufficiently accurate and reproducible for their

intended use (ICCVAM, 1997).

In April 2000, the U.S. Environmental Protection Agency (EPA) nominated four types of in
vitro test methods for detecting substances with potential endocrine disrupting activity for
review by the Interagency Coordinating Committee on the Validation of Alternative Methods
(ICCVAM). These included in vitro ER and AR binding and ER and AR TA test methods
(EPA 2001; NIEHS 2001). The EPA also asked ICCVAM to develop performance standards
that could be used to define acceptable in vitro ER and AR binding and TA assays. It was
envisioned that these standards would be based on the performance of adequately validated

in vitro ER- and AR-based assays.

The National Toxicology Program (NTP) Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM) subsequently prepared Background Review
Documents that included all available information on each of the four types of test methods.
In a public meeting, the independent international expert panel (Panel) reviewed the

information on the 137 assays identified in the BRD and concluded that there were no

Xvil
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adequately validated in vitro ER- or AR-based test methods. Based on recommendations
from the Panel, ICCVAM published a list of chemicals that should be used for validation of
each of the four types of in vitro test methods, and essential test method components that
should be included in each of the standardized test method protocols used for future
validation studies (ICCVAM, 2003). ICCVAM recommended that the future performance
criteria for performance standards for these methods should be based on test methods that
have undergone adequate validation studies using the recommended validation chemicals and

essential test method components.

This document provides proposed performance standards based on the results for a test
method that has now undergone an independent international validation study. This test
method, the LUMI-CELL® BG1Luc4E2 ER TA Test Method (hereafter, BG1Luc ER TA test
method) was nominated for validation study by Xenobiotics Detection Systems, Inc. (XDS,
Durham, NC). ICCVAM and the Scientific Advisory Committee on Alternative
Toxicological Methods (SACATM) recommended that the BG1Luc ER TA should be
considered a high priority for interlaboratory validation studies based on the lack of
adequately validated test methods and the regulatory and public health need for such test
methods. NICEATM subsequently led and coordinated an international validation study with
its counterparts in Japan (JaCVAM) and Europe (ECVAM) using laboratories sponsored by
each validation organization. NICEATM organized a validation Study Management Team
(SMT) to oversee the scientific aspects of the validation study and coordinated the day-to-
day activities among the participating laboratories. A representative from the recently
established Korean Center for the Validation of Alternative Methods (KoCVAM) joined the
SMT in 2010.

Based on the results of this study, [CCVAM is now reviewing the validation status of this
test method for identification of substances with in vitro ER agonist or antagonist activity.
NICEATM and the ICCVAM Interagency Endocrine Disruptors Working Group (EDWG)
prepared a draft BRD that provides a comprehensive description and the data from the
validation study used to assess the accuracy and reliability of the BG1Luc ER TA test
method (ICCVAM, 2011a).
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NICEATM will convene an international independent scientific peer review panel (Panel)
that will meet in public on March 29-30, 2011. The Panel is charged with reviewing the draft
BRD for completeness, assessing the extent that established validation and acceptance
criteria have been adequately addressed, and determining the extent that the data and
information support draft ICCVAM test method recommendations on the usefulness and
limitations for the BG1Luc ER TA test method. The Panel will also evaluate these proposed

performance standards.

The Panel includes expert scientists nominated by ECVAM, JaCVAM, and KoCVAM.
ICCVAM will consider the conclusions and recommendations of the Panel, along with
comments from the public and SACATM, and then finalize the BRD and test method
recommendations. These will be forwarded to Federal agencies for their consideration and
acceptance decisions where appropriate. The BG1Luc ER TA test method protocol and
performance standards will also be forwarded to the OECD Test Guidelines Programme for

consideration and adoption as international testing guidelines.
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and information for this document, especially the staff at the participating validation
laboratories at XDS, Inc in Durham, North Carolina, Hyoshi Inc in Japan, and the In Vitro
Methods Unit at ECVAM in Italy. We would also like to recognize the efforts of the
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Hattan (U.S. Food and Drug Administration) for serving as Chair of the EDWG, as well as
the members of the EDWG and ICCVAM representatives who subsequently reviewed and
provided comments throughout the process leading to this draft BRD. We also want to thank
Dr. Warren Casey, Deputy Director of NICEATM, for his excellent leadership and extensive
efforts on this project.

Staff from the NICEATM Support Contractor, Integrated Laboratory Systems, Inc., are
acknowledged for their excellent scientific and operational support, including Drs. David
Allen, Jon Hamm, and Steven Morefield, Patricia Ceger, Frank Deal, Linda Litchfield, Mike
Paris, Catherine Sprankle, and Linda Wilson. Finally, we want to thank Drs. Susanne
Bremer, and Elise Grignard the EDWG liaisons from ECVAM and Dr. Hajime Kojima, the
EDWG liaison from JaCVAM for their participation and support.

XIX



NICEATM Draft BG1Luc ER TA Test Method BRD
DO NOT CITE, QUOTE, OR DISTRIBUTE

Jodie A. Kulpa-Eddy, D.V.M.
VS-NCIE-Agricultural Select Agent Program
U.S. Department of Agriculture

Chair, ICCVAM

RADM William S. Stokes, D.V.M., DACLAM
Rear Admiral/Assistant Surgeon General, U.S. Public Health Service
Director, NICEATM

Executive Director, [CCVAM

XX

February 1, 2011



NICEATM Draft BG1Luc ER TA Test Method BRD February 1, 2011
DO NOT CITE, QUOTE, OR DISTRIBUTE

EXECUTIVE SUMMARY

Background

In April 2000, the U.S. Environmental Protection Agency (EPA) nominated four types of in
vitro test methods for detecting substances with potential to interfere with the normal
function of hormones in the endocrine system (i.e., endocrine disruptors [EDs]) (EPA 2001;
NIEHS 2001) for review by the Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM). ICCVAM subsequently recommended that these methods
should undergo independent scientific peer review based on their potential interagency
applicability and public health significance. The National Toxicology Program (NTP)
Interagency Center for the Evaluation of Alternative Toxicological Methods (NICEATM)
compiled available data and information on the four types of test methods (in vitro ER and
AR binding and transcriptional activation [TA] test methods). ICCVAM, the ICCVAM
Interagency Endocrine Disruptor Working Group (EDWG), and NICEATM prepared four
background review documents (BRDs) that detailed the available data and information

needed to evaluate the current validation status of each of the four types of test methods.

In collaboration with ICCVAM and the EDWG, NICEATM organized an independent
evaluation of these in vitro test methods. ICCVAM considered the Panel’s conclusions and
recommendations and public comments. ICCVAM then developed test method
recommendations that included minimum procedural standards and a list of 78 reference
substances that should be used to standardize and validate in vitro ER and AR binding and

TA test methods (ICCVAM 2003).

In January 2004, Xenobiotics Detection Systems, Inc. (XDS, Durham, NC) nominated their
LUMI-CELL® BG1Luc4E2 ER TA Test Method (hereafter, BG1 Luc ER TA) for an
interlaboratory validation study. This method uses BG-1 cells (a human ovarian carcinoma
cell line) that are stably transfected with an estrogen-responsive luciferase reporter gene to
measure whether and to what extent a substance induces or inhibits TA activity via ER
mediated pathways (Denison and Heath-Pagliuso 1998). Included in the nomination package
were test results from XDS for 56 of the 78 ICCVAM Reference Substances for agonist
activity and 16 of the 78 ICCVAM Reference Substances for antagonist activity. These

studies were funded primarily by a Small Business Innovation Research (SBIR) grant
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(SBIR43ES010533-01) from the National Institute of Environmental Health Sciences
(NIEHS).

The BG1Luc ER TA was considered by ICCVAM as a high priority for interlaboratory
validation studies and the NIEHS agreed to support this effort. NICEATM led and
coordinated an international interlaboratory validation study with its counterparts at the
Japanese Center for the Validation of Alternative Methods and the Europe Centre for the
Validation of Alternative Methods. The BG1Luc ER TA was evaluated in four phases,
during which the 78 ICCVAM Recommended Substances were tested, using laboratories in

the U.S. (XDS), Europe (ECVAM), and Japan (Hiyoshi Corporation [Hiyoshi]).

NICEATM, in conjunction with the EDWG prepared this draft BRD that summarizes the
available data and information regarding the current validation status of the BG1 Luc ER TA

test method.

BG1Luc ER TA Test Method Protocol

The BG1Luc ER TA utilizes an ER responsive reporter gene (/uc) in the human ovarian
adenocarcinoma cell line, BG-1, to detect substances with in vitro ER agonist or antagonist
activity. An assessment of cell viability, to help define the upper limit for test substance
concentrations, is performed using visual observation of cell density and morphology to
assign cell viability scores. ER-mediated transcription of the /uc gene results in the
production of luciferase, the activity of which is quantified using a luminometer. In
accordance with earlier [CCVAM recommendations, 173-estradiol (E2, CASRN 50-28-2) is
used as the reference estrogen to demonstrate the adequacy of the ER TA test method.
Raloxifene is utilized as a reference standard in the ER TA antagonist test method. A
concentration-response curve can be established to provide qualitative and quantitative
information regarding the in vitro estrogenic activity of a test substance. The advantages of
using a luciferase reporter gene system are low background, high sensitivity, rapidity, and a

wide dynamic range.

Substances used in the Validation Study
The ICCVAM list of 78 recommended reference substance list was developed, based on a
review of the literature, to assess test method performance of four different assays (ER TA

and AR TA agonist and antagonist assays). Only those substances that could be definitively
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classified as positive or negative for ER TA activity (48 unique substances) were used to
assess accuracy. Separate lists were generated for evaluating test method accuracy for agonist
(42 substances; 33 Positive, 9 Negative) and antagonist (25 substances; 3 Positive, 22

Negative) activity.

BG1Luc ER TA Test Method Accuracy

The BG1Luc ER TA was evaluated for its ability to correctly identify estrogen receptor
agonists and antagonists. For this analysis, test substance classification (positive or negative
for ER agonist/antagonist activity) obtained during the validation study was compared to the
classification of the same substance based on a preponderance of published data. Positive or
negative classifications of BG1Luc ER TA data were based on the majority classification
assigned using results from each of the three participating laboratories. Test method accuracy
was evaluated based on a number of analyses, but the primary evaluation of the BG1 Luc ER
TA is based on two comparisons: 1) the extent to which the BG1 Luc ER TA result
corresponds to the ICCVAM reference classification for each substance, and 2) the

comparative accuracy of the BG1 Luc ER TA and the CERI STTA (OECD, 2009).

Of the 42 substances used to evaluate agonist accuracy, 7 (17%) had “inadequate” testing
results in the BG1 Luc ER TA and were therefore excluded from the analysis, leaving 35 (28
Positive, 7 Negative) substances for evaluation. The BG1 Luc ER TA produced the following
results when compared to the reference classifications for these 35 substances: concordance
of 97% (34/35), sensitivity of 96% (27/28), specificity of 100% (7/7), a false positive rate of
0% (0/7), and a false negative rate of 4% (1/28).

The CERI STTA is the only ER TA test method currently accepted by U.S. regulatory
agencies for ER agonist testing'. When using the 26 reference substances for which both
BG1 Luc ER TA and CERI STTA data are available, identical accuracy statistics are
calculated: concordance of 96% (25/26), sensitivity of 95% (21/22), specificity of 100%
(4/4), a false positive rate of 0% (0/4), and a false negative rate of 5% (1/22).

All 25 of the antagonist reference substances produced a definitive result in the BG1 Luc ER
TA and yielded an overall concordance of 100% (25/25), sensitivity of 100% (3/3),

' Currently, there are no ER antagonist test methods that are accepted by U.S. regulatory agencies.
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specificity of 100% (22/22), a false positive rate of 0% (0/22), and a false negative rate of 0%
(0/3).

Although the primary goal of the BG1Luc ER TA is to provide a qualitative assessment of
estrogenic/anti-estrogenic activity, quantitative measures of activity (i.e., ECso and ICs
values) are usually obtained for positive results. ECsy and ICsg values obtained from BG1Luc
ER TA test results were compared to median values from other ER TA test methods reported
in the literature and this comparison produced a high correlation. BG1Luc ER TA test results
were also examined for concordance with published reports of ER binding and there was
97% (33/34) concordance between the BG1Luc ER TA and ER binding data from the
literature. The only discordant substance was positive in BG1 Luc ER TA and negative based
on ER binding data. Similarly, based on a comparison with available data in the in vivo
uterotrophic assay, 13 substances with conclusive test results in the BG1Luc ER TA agonist
test method produced overall concordance of 92% (12/13). The only discordant substance

was positive in BG1 Luc ER TA and negative based on uterotrophic data.

BG1Luc ER TA Test Method Reliability
Intralaboratory Reproducibility

Intralaboratory reproducibility of the BG1Luc4E2 agonist and antagonist test methods was
assessed by comparing: 1) reference standard and control results for all plates tested within
each laboratory during the course of the validation study and 2) results from Phase 2a and 2b
testing during which 12 substances were tested in at least three independent experiments in

each of the three laboratories.

In the agonist test method, mean fold induction in each lab ranged from 4.6 to 7.8 fold and

E2 reference standard ECs values ranged between 8.0 x 10%t01.2x 10" M.

The resulting classifications for each of the 12 substances that were tested at least three times
at each laboratory were used to evaluate the extent of intralaboratory agreement. Although
the classifications for some of the test substances differed among the laboratories, there was

100% agreement within each laboratory for each of the three repeat tests.

In the antagonist testing, mean fold reduction ranged from 8.0 to 9.9 fold and Raloxifene

reference standard ICs, values ranged between 1.1 x 10°t0 1.3 x 10° M.
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The classifications for each of the 12 substances that were tested at least three times at each
laboratory were used to evaluate the extent of intralaboratory agreement. Although the
classifications for some of the test substances differed among the laboratories, there was

100% agreement within each laboratory for each of the three repeat tests.

Interlaboratory Reproducibility

Interlaboratory reproducibility was determined for the 12 substances that were tested at least
three times for agonist and antagonist activity during Phase 2, at each of the three
laboratories. The classifications for each of the 41 substances that were tested once for
agonist and antagonist activity at all three laboratories during Phase 3 were also used to

evaluate the extent of interlaboratory agreement.

For each of the 12 substances that were tested at least three times for agonist and antagonist
activity during Phase 2, agreement among the three laboratories was determined based on the
consensus classification assigned by each laboratory for each of the 12 substances. The three
laboratories agreed on 67% (8/12) of the substances tested for agonist activity. Among the
substances tested for antagonist activity, there was 100% agreement among the three

laboratories for all 12 substances.

The classifications for each of the 41 substances that were tested once for agonist activity at
all three laboratories during Phase 3 were also used to evaluate the extent of interlaboratory
agreement. Unlike Phase 2, some of the substances tested in Phase 3 produced inadequate
results. Of the 41 substances tested in Phase 3, 88% (36/41) produced a definitive result in at
least two laboratories, and were therefore used for the assessment of reproducibility. Among
these 36 substances, the three laboratories agreed on 83% (30/36) of the substances tested for
agonist activity. Among substances tested for antagonist activity, definitive results were
produced for all substances and the three laboratories agreed on 93% (38/41) of the

substances tested.

Animal Welfare Considerations

The BG1Luc ER TA may be applicable for addressing the ER TA component of the EPA
EDSP Tier 1 screening battery. Although the EDSP currently includes an in vitro ER TA test
method for ER agonist testing (i.e., the CERI STTA method), there currently are no in vitro
test methods accepted for ER antagonist testing. Therefore, the BG1Luc ER TA provides an
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opportunity to reduce animal use in ED testing by identifying substances that may either
enhance and/or inhibit the activation of the ER. This information can be used as part of a
weight-of-evidence approach to prioritize substances for additional investigation of ED

activity in test methods that require animals.

There are currently three in vivo methods commonly used by regulators to assess the
estrogenic potential of substances: rat uterotrophic, rat pubertal female, and fish short-term
reproduction assay. In addition, the “in vitro” Rat Uterine Cytosol ER binding assay also
requires the use of animals as a source of ER. Although the BG1Luc ER TA is not propose as
a direct replacement for any of these existing methods, it could be incorporated as part of a
weight of evidence approach to reduce or eliminate the need for the use of animals for

identifying substances with potential estrogenic or anti-estrogenic activity.

Test Method Transferability

Transferability of the BG1Luc ER TA was demonstrated based on results of the
interlaboratory validation study that are detailed above. The primary practical considerations
associated with the BG1Luc ER TA are the availability of the requisite cell line and the
standard laboratory equipment necessary to conduct sterile cell culture procedures. The BG-
1Luc4E2 cell line is available upon request from Dr. Michael S. Denison, Department of
Environmental Toxicology, University of California, Davis. The level of training, expertise,
and time needed to conduct the BG1Luc ER TA should be similar to the currently accepted
CERI STTA method.

Draft ICCVAM Test Method Recommendations

After considering the data and analysis provided in this background review document,
ICCVAM developed draft recommendations on the usefulness and limitations of the BG1Luc
ER TA test method as a screening test to identify substances with estrogen agonist activity.
ICCVAM also developed draft recommendations for a standardized test method protocol,
proposed future studies, and performance standards. These are provided in a separate
document, Draft ICCVAM Test Method Recommendations: The BGI Luc ER TA Test
Method.
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